NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WasHingTonN, D.C. 20546

REPLY TO ’ October 16, 1970

ATTN OF:

TO: USI/Scientific & Technical Information Division
Attention: Miss Winnie M. Morgan

FROM: GP/Office of Assistant General
Counsel for Patent Matters

SUBJECT: Announcement of NASA-Owned
U.S. Patents in STAR

In accordance with the procedures contained in the Code GP
to Code USI memorandum on this subject, dated June 8, 1970,
the attached NASA-owned U.S. patent is being forwarded for
abstracting and announcement in NASA STAR.

The following information is provided:

U.S. Patent No. : 3,321,570

Corporate Source : Calif. Institute of Technology
Supplementary .

Corporate Source : Jet Propulsion Laboratory

NASA Patent Case No.: XNP-05082

Please note that this patent covers an invention made by an
employee of a NASA contractor. Pursuant to Section 305(a) of
the National Aeronautics and Space Act, the name of the
Administrator of NASA appears on the first page of the patent;
however, the name of the actual inventor (author) appears at
the heading of Column No. 1 of the Specification, following the
words ". . . with respect to an invention of 2

oo

Gayle Parker

NOV 1970

g T70=41Q~n
Enclosure: 2 (ACCESSION NUMBER) 41 a4 v SUTHRU)
Copy of Patent Z ;yﬁ )

Q (PAGES)— (CODE)

: Car” /

= _J/,_q)

U (NASA CR OR TMX OR AD NUMBER) (CATEGORY)



May 23, 1967 JAMES E. WEBB 3,321 570
ADMINISTRATOR OF THE NATIONAL AERONAUTICS

AND SPACE ADMINISTRATION
PRINTED CIRCUIT BOARD WITH BELLOWS RIVET CONNECTION
Filed Jan. 19, 1966

G, /
PRIOR ART

/W”@ s
Ea

N 4.
=] \fse
G 3
INVENTOR.
CIARENCE W. GOULD
BY DgemilE 220 L0

G oo & Cay

ATTORNEYS




United States Patent

3,321,570
Patented May 23, fl @f

1

3,321,570
PRINTED CIRCU]T BOARD WITH BELLOWS
RIVET CONNECTION

James E. Webb, Administrator of the National Aercmau-

tics and Sp.ue Administration, with respect o an inven-

tion of Clarence W. Gould, San Gabyiel, Calif.

Filed Jan. 19, 1966, Ser, No. 521,753
8 Clalms. (Cl 174—68.5)

ABSTRACT OF THE DISCLOSURE

This invention provides a connection between printed
circuits on printed circuit board consisting of a bellows
rivet movably fitted within a hole through the opposite
side of a printed circuit board which has means at each
end for connecting to each printed circuit on each side of
the board.
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This invention relates to a bellows rivet and more par-
ticularly to a rivet connection for a printed circuit which
connects circuits from opposite sides of a board.

In the field of electronics, the advent of printed circuits
has revolutionized the industry. In this type of circuit,
wiring is printed on a board to connect the leads of cir-
cuit components, In recent years, it has been found ad-
vantageous to have printed circuits on opposite sides of
a common board. It is therefore necessary that some
means be provided to connect the leads of the printed cir-
cuits on one side of the board to the leads of the circuit
on the opposite side of the board. Typically, these leads
comprise a rivet which is electrically conductive and
which is placed in a bore in the board and connected to
the desirable printed circuits on ome side of the board
to the other side of the board.

A printed circuit connection for connecting the circuits
from one side of the board to the other side is disclosed
and claimed in the U.S. patent to Little et al., No. 2,902,-
629. This patent ulilizes the dipped soldering connection
method with an improvement thereover for connecting
the opposite board circuit.

Another connecting means for printed circuits is dis-
closed in the U.S. patent to Berger, No. 2,889,393,

In the prior art, however, there are problems in con-
necting the circuits from one side of a printed circuit board
to the circuits on the opposite side thereof due to vibra-
tion and thermal effects encountered during use. This is
particularly a critical problem In the aerospace industry
since these boards are subject to severe vibrations which
tend to break the soldered connection due to the rigid na-
ture of the connection between the two circuits, Due to
these vibratioms and high temperatures to which these
boards are subjected, the soldered connections to the con-
nector breaks, leaving @ poor or even an intermittent elec-
trical connection.

This invention in its most brief aspects provides an elec-
trical connection between the circuits on opposite sides
of a2 common board by relieving the axial and/or the
transverse stresses imposed on the connection. This is
done by allowing the connection to expand and contract
by employing a bellows principle in the connection rivet.

It is therefore an object of this invention to provide an
improved electrical connection between the circuits on
opposite sides of a printed circuit board.

Other objects and advantages of this invention will be-
come apparent as this description proceeds taken in con-
junction with the drawings in which:

FIGURE 1 is a view in cross section of a printed circuit
board having thereon a printed circuit with the typical
rivet connection shown in the prior art;

FIGURE 2 is a view in cross section of one embodi-
ment of this invention; and
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FIGURE 3 is a view in ¢ross scction of another em-
bodiment of this invention.

Referring now to FIGURE 1, there is shown a conven-
tional rivet conmection for printed circuils on opposite
sides of a common board. Thus, designated at 2 is a
printed circuit on one side of board 4 and a printed cireuit
6 on the other side of board 4. Since it is desirable 1o
provide an elecirical connection between these printed
circuits, a common method is to provide a rivet 8 which
has flanges thereon such as shown at 19, This rivet i3
fitted within 2 bore 12 of board 4 and soldered such as
shown at 14 to the respective printed circusts.  This type
of construction, however, suffers a disadvantage when the
device is subjected to vibration which tends to loosen the
soldered connection thus providing a poor or even inter-
mittent electrical connection between printed circuil 2
and printed circuit 6.

FIGURE 2 is illustrative of one embodiment of this
invention. Similar to the structure shown in 1 IGURE §
is a prirted circuit 16, a board 18 and anotd
circuit 28, A bore 22 is provided in board 18. .
for example, at 24 is a flange 26 and in similar manne:
flanges 28, 36 and 32 are provided, all of which are
dered to their respective portions of the prinfed circuit
Mounted between the flanges on circuit 20 and the flanges
on circuit 16 is a bellows 34.  This bellows is expandable
in the axial direction and is free to shift transversely so
that vibration imparted to the board will be taken up by
the bellows 34. This bellows is metallic and is free to
conduct electricity from circuits 16 to circuit 20 and vice
versa. Bellows 34 is attached to the flanges as by solder-
ing such as shown at 36 and 38.

FIGURE 3 is illustrative of another embodiment of
this invention. A board 44 has on one side thereof 2
printed circuit 42 and a component 44 on the other side
such as a diode. Diode 44 has leading therefrom leads
46 and 48. 1In this particular case it is desirable to hav
lead 48 electrically connected to printed civcuit 42, This
is accomplished by providing a bore 56 in board 40 and 2
bellows 52 provided to fit within the bore. Printed
cuit board 40 has a shoulder 84 thereon so as (o
narrow portion of the bore. Beliows 52 has an exten
or an axially extending portion 56 which fits tightly w
the bore 5@ against shoulder 54. Arntached to the a
extending portion as by soldering or the like iv ¢
which is soldered such as at 60 to printed ci
this particular embodiment, the rivet is so mouned s
as to relieve both axial and transverse stresses in an ex-
peditious manner. This relieves stresses on such fragile
components as diodes 44.

The rivet can be formed by any convenient means such
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“as an clectro-deposition process or by a drawing and pres-

sure forming process, In any event, the method of form-
ing the bellows of the embodiment of FIGURE 2 or FIG-
URE 3 forms no part of this invention.

Thus, il can be seen that by this invention an electrical
connection is provided between one side of a circuit board
and another side thereof which relieves stresses induced
by such means as thermal stresses or vibration siresses
or simple static stresses in the printed circuit board.

Having decribed this invention, it is 10 be undersiood
that it is to be limited only by the scope of the claims
appended hereto.

What is claimed is:

1. In an electronic printed circuit board wherein printed
circuits are provided on both sides of said board with
conductors inlerconnecting said circuits, the improvement
which comprises:

a first electrical connector connected to the circuit on

a first side of said board;

a second electrical connector connected 1o the circuit

on the other side of suid board;
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a bore extending through said board from said first

connector to said second connector; and

an electrically conductive bellows mounted in said bore,

said bellows being in electrical contact with each of
said connectors;

whereby stresses on elecirical connections between said

circuits are absorbed by said bellows.

2. In an electronic printed circuit board according to
claim I wherein at least one of said electrical connectors
comprises a flange, said flange being soldered to one of
said circuits and to said bellows.

3. In an electronic printed circuit according to claim 2
wherein the other of said electrical connectors comprises
a flange soldered to the other of said circuits and to said
bellows.

4. In an electronic printed circuit board according to
claim 1 wherein one end of said bore is narrowed, said
bellows having at one end thereof an axially extending
portion tightly fitted within said narrowed portion of said
bore.

5. In an electronic printed circuit according to claim 4
wherein said first electrical connector is a flange, said axi-
ally extending portion is in electrical contact with said
flange.

6. In an electronic printed circuit according to claim 5
wherein said second electrical connector is a lead of an
electrical component, and means at said other end of said
bellows for attaching said lead on said other end of said
bellows.
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7. In an electronic printed circuit accordmg to clain 6
wherein said bellows is loosely mounted within said bore.
8. In an elecironic printed circuwit board of the type
having a printed circuit on cuch side of said board, and «
hole bored through said board for enabling the iatercon-
nection of said circuits, the improvement in means for
interconnecting said circuits comprising:
an electrically conductive bellows movably fitted within
said hole and extending from one side thereof to the
other; and
means at each end of said bellows for electrically con-
necting each end of said bellows to the respective
printed circuits on cach side of said printed circuit
board.
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